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Introduction
　Oral cancer has a poor prognosis, with regional me-
tastasis and local recurrence1，2, particularly tongue 
squamous cell carcinoma, which is among the most 
common oral cancers.  The cervical lymph nodes are the 
most common sites for regional metastasis in tongue 
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Abstract : We report the in vitro establishment of a highly stable green ﬂ uorescent protein（GFP）-express-
ing transfectant of a highly-invasive human tongue squamous cell carcinoma（HTSCC）cell line, SAS-H1.  
The ﬂ uorescent cells permitted the visualization of tumor growth, local invasion, micrometastasis and cervical 
lymph node metastasis after submucosal injection into the tongues of nude mice.  SAS-H1 cells were trans-
fected with the pEGFP-N1 expression vector containing the GFP and neomycin resistance genes.  Stable 
SAS-H1 clones expressing high levels of GFP were selected stepwise in vitro in levels of geneticin（G418）of 
up to 3,500 μg/ml. Subsequent early stages of local invasion and micrometastasis were visualized by GFP ﬂ uo-
rescence in a primary tumor of the tongue. Furthermore, lymph node metastasis was conﬁ rmed for all of the 
orthotopic transplants in mice. However, no distant metastases, including those of lung and liver, were ob-
served.  Thus, this model should be useful for studying the metastatic process and for evaluating anti-metas-
tasis agents in pre-clinical trials.
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squamous cell carcinoma.  Regional metastasis strongly 
correlates with tumor recurrence and mortality3，4.  Un-
derstanding how cancer cells spread from the primary 
tumor is important for improving diagnostic, prognostic, 
and therapeutic approaches for the control of cancer 
metastasis.  However, the early stages of primary tumor 
invasion and micrometastasis formation have been difﬁ -
cult to analyze because of the inability to identify small 
nests of tumor cells against the background of the host 
tissue.
　GFP, the gene for which was cloned from the genome 
of the jellyﬁ sh Aequorea victoria5, yields a bright, stable 
green ﬂ uorescence with no other substrates or co-factors 
in live cells. Since the GFP gene integrates into chromo-
somes and is passed to subsequent generations of cells, 
in which GFP is newly synthesized, it is better suited 
for real-time observations of early stages in invasion to 
later stages in metastasis, as well as prolonged analy-
sis.
　In this study, we demonstrate the isolation of stable 
transfectants of human tongue squamous cell carcinoma
（HTSCC）, SAS-H1 cells that express GFP in vitro.  The 
stable transfectants are highly ﬂ uorescent in vivo in tu-
mors formed from cells injected into the tongue.  Using 
these cells and an orthotopic transplantation model that 
allows for spontaneous metastasis in nude mice, the 
high expression of GFP enables the detection and visu-
alization of local tumor growth, local invasion, microme-
tastasis, and cervical lymph node metastasis that other-
wise would go undetected in the intact tissues. 
　This new metastasis model using GFP-expressing 
SAS-H1 cells should be useful for studying the biologi-
cal behavior of metastatic oral cancer and developing a 
therapy for this disease.
Materials and Methods
1）Plasmid and Transfection
　Highly-invasive tumor cells, SAS-H1, were derived 
from HTSCC, SAS6.  SAS-H1 cells were cultured in 
DMEM/F-12（GIBCO BRL）containing 10% FBS（Flow 
Lab）.  Nearly conﬂ uent SAS-H1 cells were transfected 
with the plasmid, pEGFP-N1, which encodes a red-
shifted variant of wild-type GFP（CLONTECH Lab. 
Inc., Palo Alto, CA）, by the Nucleofactor electroporation 
system（Amaxa Biosystems, Germany）using Nucleo-
fectorTM Kit V.  The pEGFP-N1 expression vector con-
sists of the enhanced mutant GFP gene under the con-
trol of the cytomegalovirus immediate early gene 
promoter（CMV）and neomycin resistance gene（neoⓇ）, 
as described previously7.  The expression vector-trans-
fected cells were able to grow in levels of geneticin
（G418, Sigma, USA）up to 3,500 μg/ml.  The selected 
G418-resistant SAS-H1 cells had a striking increase in 
GFP ﬂ uorescence compared to the transiently transfect-
ed cells. G418-resistant colonies were further screened 
for their GFP expression.  A resultant cell line with 
bright GFP fluorescence, designated as SAS-H1/GFP, 
was used in this study.
2）Doubling Time of Stable GFP Clones
　SAS-H1/GFP or nontransduced cells were seeded at 5
× 104 cells/well in 6-well culture plates.  The cells were 
harvested and counted 1, 3, 5, and 7 days later using a 
Burker-Turk hemocytometer.  The doubling time was 
calculated from the cell growth curve.
3）Animals
　Thirty  male  athymic  immunodeficient  KNS  nude 
mice（Sankyo Lab. Co. Ltd., Japan）were used at six 
weeks of age.  They were maintained in a laminar ﬂ ow 
iso-rack under specific-pathogen-free conditions in the 
Institute for Experimental Animals of Health Sciences 
University  of  Hokkaido.  The  research  plan  was  ap-
proved by the Ethical Committee of the Laboratory for 
Animal Experiments, Health Sciences University of 
Hokkaido. 
4）Orthotopic transplantation in tongue
　SAS-H1/GFP cells were harvested from subconﬂ uent 
cultures by treatment with 0.05% trypsin - 0.53 mM 
EDTA（GIBCO BRL）.  Then cells were washed once in 
medium and resuspended in phosphate buffered saline
（PBS）.  Only single-cell suspensions displaying ＞ 90% 
viability were used for injections.  Under pentobarbital 
i. p. anesthesia, SAS-H1/GFP cells（2 × 106）in a vol-
ume of 20 μl of PBS were inoculated into the right side 
of the tongue submucosally, using a syringe with a 
26-gauge disposable needle（TERUMO, Japan）.  Mea-
surement of body weight was performed and primary 
tumor volumes were calculated from the length×width
× thickness every week.  The mice were sacriﬁ ced 28 
days after inoculation, and autopsies were performed 
immediately.  After macroscopic examination, the 
tongue was removed, and the orthotopic primary site, 
cervical lymph nodes and all major organs were exam-
ined by microscopy.
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5）Microscopy
　Light and fluorescence microscopy were carried out 
using a multi-angle stereoscopic zoom microscope sys-
tem equipped with an ultra-high-pressure mercury 
lamp power supply and a GFP ﬁ lter set（VB-G25 / S20 / 
S21 / L11, Keyence Co., Japan）.
6）Immunohistochemistry
　Formalin-ﬁ xed parafﬁ n-embedded sections were used 
for routine histology, hematoxylin and eosin（H & E）
staining and to identify LYVE-1- and cytokeratin 19- 
positive cells.  In brief, serial sections（4 μm thick）
were made to compare the localization of LYVE-1 ex-
pression with that of cytokeratin 19 expression. Sec-
tions were dewaxed, dehydrated, and pretreated with 
Target Retrieval Solution（Dako）at 95℃ for 20 min. 
After washing in PBS, they were treated with 0.3% 
H2O2 in methanol for 10 min.  They were incubated with 
anti-mouse LYVE-1 monoclonal antibody（1:  10. M-20, 
Santa Cruz Biotechnology, CA, USA）was indicated the 
lymph vessel endothelial cells, for 16 h at 4 ℃.  The 
methods of immunohistochemical staining for anti-hu-
man cytokeratin 19 monoclonal antibody（1 :  100 dilu-
tion, 1238 825, Boehringer Mannheim Biochem., Ger-
many）was indicated the squamous cell carcinoma cells 
for 2 h at room temperature.  For all slides, washing in 
PBS was followed by treatment with avidin-biotin com-
plex system（HISTOFINE Kit, Nichirei Co., Japan）, 
according to the manufacturer's recommendations.
7）Statistical Analysis
　Data were expressed as mean＋ SD of mean.  Statis-
tical analyses were performed using the Mann-Whitney 
test.  Differences between groups were considered sta-
tistically signiﬁ cant at p＜ 0.05.
Results
1）Characteristics of GFP gene transfectant
　SAS-H1/GFP cells expressed strong green fluores-
cence in the cytoplasm（Fig. 1）.  GFP ﬂ uorescence was 
stable for at least 10 passages in culture even in the ab-
sence of G418.  There was no difference in the cell dou-
bling times of parental cells SAS-H1 and selected trans-
fectants SAS-H1/GFP（Table 1）.
2）GFP-expressing primary tumors in nude mice
　Fifteen nude mice were inoculated into the right side 
of the tongue by orthotopic submucosal transplantation 
of SAS-H1/GFP cells.  All mice developed fluorescent 
tongue tumors.  A series of external ﬂ uorescent images 
of the primary tumor was obtained in one of the animals 
immediately after the injection and then repeated until 
day 28.  As determined by external imaging, the size of 
the primary lesion increased progressively with time
（Fig. 2 B-F）.  The primary tumor volume, as deter-
mined from the external image, was 2.54 ± 0.71 mm3 
immediately after injection, 6.88± 1.05 mm3 at day 7, 
15.98± 1.36 mm3 at day 14, 22.44± 2.98 mm3 at day 
21, and 43.1± 2.53 mm3 at day 28.  The tumor-associ-
ated blood vessels were clearly visible by day 14 and 
Fig. 1　Construction of GFP-expressing cell line.  
Bar : 200 μm.
SAS-H1  cells  were  transfected  with  the 
p-EGFP-N1 vector as described in Materials and 
Methods. （A）The  stable  high-expression 
SAS-H1/GFP cells were selected in 3,500 μg/ml of 
G418.（B）Same image as in A, using phase con-
trast microscopy. 
Table 1　Doubling times of parental SAS-H1 
and GFP-transfected SAS-H1 cells
Cell lines Doubling time± SD（h）a
SAS-H1
SAS-H1/GFP
32.7± 1.31
34.3± 1.42
aMean of three assays± SD（P＝ 0.053）
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continued to increase until day 28（Fig. 2 D-F, 3）.
　The transplanted mice were sacrificed at day 28 at 
the time of significant decline in performance status. 
The primary tumor had expanded throughout the 
tongue（Fig. 4 A, B）.  Numerous small colonies of tu-
mor cells were detected by ﬂ uorescence on the surface of 
a sagittal section of the tongue（Fig. 4 C, D）.  Multiple 
micrometastases were also detected by fluorescence 
around the main tumor foci（Fig. 4 E）.  GFP-positive 
micrometastases were detected as in Fig. 4 E in the 
tongue tissues by H & E staining（Fig. 4 F）.
3）Micrometastases in lymphatic vessels invaded 
by SAS-H1/GFP cells
　Vessels, encircled by LYVE-1-positive endothelium, 
containing tumor emboli in their lumens, were observed 
around the large tumor foci（Fig. 5 A）.  Also, submuco-
Fig. 2　A series of external ﬂ uorescent imag-
es of the primary tumor was obtained 
in one of the animals immediately af-
ter injection of SAS-H1/GFP cells 
and then repeated until day 28. Bar : 
1 mm. SAS-H1/GFP cells injected in 
the right side of the tongue of nude 
mouse, day 0, no tumor colonies 
could be detected under bright-field 
microscopy（A）. Clear, external im-
ages of SAS-H1 / GFP cells in the 
right  side  of  the  tongue  of  nude 
mouse were obtained under fluores-
cence microscopy（B）.（C）External 
image obtained in the tongue of nude 
mouse, day 7 after injection,（D）as 
day 14,（E）as day 21, and（F）as 
day 28.
Fig. 3　Tumor volume of the primary tumor determined 
by external images. Tumor volumes were calculat-
ed from the length × width × thickness. Values 
are given as mean（SD）.
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sal human cytokeratin 19-positive tumor cells inﬁ ltrat-
ed lymphatic vessels（Fig. 5 B）as tumor emboli. 
Therefore, micrometastasis was tumor emboli in lym-
phatic vessel.
4）Visualization of cervical lymph node metasta-
sis by SAS-H1/GFP cells
　All tumors showed metastasis into cervical neck 
lymph nodes, as observed by ﬂ uorescent microscopy and 
H & E staining（Fig. 6 A-H）.  Lymph node metastasis 
was clearly visible by day 21 and continued to increase 
until day 28（Table 2）.  However, distant metastases, 
including those in the lungs and liver, were not ob-
served at 28 days after inoculation of the tumor cells.
Discussion
　In this study, we used high-GFP-expression human 
tongue squamous cell carcinoma cells to visualize tumor 
growth at the primary site and its progression through 
metastasis to the cervical lymph nodes.  The GFP-
transfected squamous cell carcinoma cells were very 
Fig. 4　The fresh tongue tissues removed from the mice were directly observed under 
bright ﬁ eld microscopy（A, C）and ﬂ uorescence microscopy（B, D, E）. Bars : 
A-D, 1 mm; E, 0.5 mm.（A）The surface of the entire fresh tongue. No prima-
ry tumor lesion was detected on the surface of the tongue under bright-ﬁ eld 
microscopy. A ulcer was observed on the surface of the tongue mucosa（arrow）.
（B）Same as A under ﬂ uorescence microscopy. Many GFP-ﬂ uorescent tumor 
foci are apparent.（C）In the sagittal section of the tongue, tumor foci were 
observed. Arrow : tongue tip.（D）Same as C : external fluorescent image of 
the tongue visualizing GFP-expressing tumor foci. Arrow: tongue tip.（E）Mi-
crometastases in the tongue viewed by ﬂ uorescence microscopy of viable tissue. 
Note the numerous GFP-ﬂ uorescent micrometastases under the main tumor 
colony.（F）The micrometastases in the tongue primary tumor lesion were 
stained by H & E. Bar : 50 μm.
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stable in vitro and in vivo.  GFP ﬂ uorescence was stable 
for at least 10 passages in vitro with no obvious changes 
observed in fluorescence intensity.  The tumors re-
mained fluorescent until the time of death of the ani-
mals.
　In vivo models for growth of human tumors subcuta-
neously transplanted have been developed, which have 
been useful but not sufficiently representative of the 
clinical situation8，9.  To develop models that show realis-
tic and real-time tumor growth and progression, the 
present study utilized an orthotopically transplanted 
metastatic model of human cancer10.  In this model tu-
mors are placed in microenvironments that replicate 
clinical tumor behavior more closely than do ectopic 
transplantation models. 
　The orthotopic transplantation model allows oral can-
cer metastasis due to the maintenance of tissue archi-
tecture during the orthotopic transplantation process. 
However, the early stages of tumor progression and mi-
crometastasis have been difﬁ cult to analyze because of 
the inability to identify small numbers of tumor cells 
against the background of the host tissue.  Previous 
studies  used  transfection  of  tumor  cells  with  the 
Escherichia coli beta-galactosidase（lacZ）gene to de-
tect micrometastases11，12.  However, detection of lacZ re-
quires extensive histological preparation, and therefore 
it is not possible to detect and visualize tumor cells in 
viable fresh tissue or the live animal at the microscopic 
level.  To enhance the resolution of visualization of tu-
mor  growth  and  its  progression,  including  cervical 
lymph node metastasis, in fresh tissue, we utilized the 
GFP gene, cloned from the bioluminescent jellyfish 
Aequorea victoria5.  This method has higher resolution 
and  is  much  easier  to  perform  than  the  traditional 
pathological examination, such as that used in histology. 
　In this report, we demonstrated an orthotopic model 
of metastatic HTSCC where tumor growth, local inva-
sion,  micrometastases  and  metastasis  into  cervical 
lymph nodes could be readily imaged by GFP fluores-
cence in real-time.  For these studies the tumors trans-
planted in the orthotopic model were transfected and 
selected to strongly express GFP in vivo.  Furthermore, 
GFP-expressing tumor cells were visualized with subse-
quent colonization in all the major organs including 
lung, liver, brain, spinal cord, axial skeleton and lymph 
nodes13-15.  GFP models of metastatic disease have been 
developed for various cancers, such as lung cancer16, 
prostate  cancer17,  and  melanoma18.   These  studies 
showed that GFP-expressing tumor cells are a powerful 
tool for in vivo visualization of tumor growth, angiogen-
esis dormancy, dissemination, invasion, and metastasis. 
For oral cancer, it has been reported previously that 
stable high-GFP-expressing HSCC cells were injected 
orthotopically into the tongue of nude mice.  Therefore, 
tumor growth in the tongue and metastasis into the cer-
vical lymph nodes could be visualized by GFP fluores-
cence19.  However, few studies have attempted to exam-
ine oral cancer, and there has been no previous report 
on the development and detection of local invasion and 
micrometastases.
　The GFP-expressing HTSCC model in the present 
study should be useful for evaluation of novel treatment 
strategies for oral cancer.  Furthermore, a greater un-
Fig. 5　Pathological characteristics of the primary tumor 
of the tongue processes after submucosal injection 
into the mice. Bar : 50μm. （A）Immunohisto-
chemistry of lymphatic vessels using endothelial 
hyaluronan receptor-1（LYVE-1）polyclonal anti-
body. The tumor colonies were recognized in 
LYVE-1 positive lymphatic vessels（arrow）.（B）
Arrow indicates clusters of tumor cells inﬁ ltrating 
lymphatic vessels and showing high expression of 
human cytokeratin 19. 
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derstanding of the aggressive growth and metastasis of 
oral cancer will be facilitated by the use of the GFP-ex-
pressing tumor cells.
　In conclusion, we visualized tumor growth, local inva-
sion, micrometastases and lymphatic metastasis of oral 
cancer using a GFP-expression vector.  This may pro-
vide a powerful tool for research on tumor growth and 
metastasis, and assessment of anticancer therapy of in-
Fig. 6　Cervical lymph nodes containing metastasic tumor cells visualized by means 
of GFP. Detection of lymph node metastasis under bright-ﬁ eld microscopy（A, 
E）and ﬂ uorescence microscopy（B, F）. Arrow indicates cervical lymph node 
adjacent to the submandibular gland（SG）. Bar : A, B, E, and F, 1 mm. C and 
G, 10 μm. D and H, 250 μm. Ipsilateral cervical lymph node metastasis, as 
evidenced by H & E staining, expressed green ﬂ uorescence（A, E）（C, D）. 
Contralateral cervical lymph node metastasis, also detected by H & E stain-
ing, expressed green ﬂ uorescence（G, H）.
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vasion and metastasis.
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